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(54) SUSPENSION DEVICE FOR VEHICLE

(57) A upper arm 4b of a suspension for a vehicle is
constructed by: a casing 12 that is supported by the ve-
hicle so as to be able to pivot in the up-down direction;
a pair of screw shafts 20 that are supported by the casing
12 so as to be able to move only in the axial direction; a
pair of screw nuts 21 that engage around the pair of screw
shafts 20, and are supported by the casing so as only to
be able to rotate; a worm reduction gear 14 that rotates
the screw nuts 21; and a pair of link arms 29, where the
base end sections respectively connect to the tip end
sections of the pair of screw shafts 20 and the tip end
sections respectively connect to knuckle 3 so as to be
able to rotate around a shaft in the up-down direction of
the vehicle. The screw shafts 20 are moved out in oppo-
site directions from each other in the axial direction, which
causes the opening angle of the pair of link arms 29a to
change, and thus changes the overall length of the upper
arm 4b in the width direction of the vehicle.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a double wish-
bone suspension for a vehicle that can suitably change
the camber angle according to the traveling condition of
the vehicle.

BACKGROUND ART

[0002] Various kinds of construction for a suspension
for a vehicle such as an automobile are known. Recently,
a double wishbone suspension, which has a high degree
of design freedom and has excellent road surface follow-
ability, is used in many kinds of automobiles such as lux-
ury automobiles and sports cars. FIG. 4 illustrates a first
example of conventional construction of a double wish-
bone suspension that is disclosed in "Illustrated Book of
Car Mechanisms and Structures" (Hosokawa, Takeshi;
Grand Prix Book Publishing Co., Ltd.; January 10, 2003;
pg. 207).
[0003] A knuckle 3, which supports a wheel 1 by way
of a bearing unit 2 so as to be able to rotate, is supported
by the vehicle (not illustrated in the figure) by an upper
arm 4 and a lower arm 5 of a double wishbone suspension
so as to be able to pivot. The upper arm 4 is made using
a so-called A-frame having an A shape, with the tip end
section (when installed in the vehicle, the end section on
the outside in the width direction of the vehicle, or the
end section on the right side in FIG. 4) thereof being
connected to the top end section of the knuckle 3 by way
of an upper ball joint 6. Moreover, the base end section
of the upper arm 4 (when installed in the vehicle, the end
section on the center side in the width direction of the
vehicle, or the end section on the left side in FIG. 4) is
supported by the vehicle (not illustrated in the figure) by
a pivot shaft so as to be able to pivot.
[0004] On the other hand, the lower arm 5 is also made
using so-called A-frame having an A shape, with the tip
end section thereof being connected to the bottom end
section of the knuckle 3 by way of a lower ball joint 7.
Moreover, the base end section of the lower arm 5 is
supported by the vehicle (not illustrated in the figure) by
a pivot shaft so as to be able to pivot. Furthermore, the
lower arm 5 supports the bottom end section of a shock
absorber 8, the top end of which is fastened to the vehicle,
by a pivot shaft so as to be able to pivot.
[0005] In the case of the double wishbone suspension
having this kind of conventional construction, by using
an upper arm 4 and lower arm 5 having different overall
lengths (typically the lower arm is longer than the upper
arm), the camber angle is preset to a specified angle.
However, in the case of a suspension having conven-
tional construction, the camber angle that is preset in this
way cannot be changed according to the traveling con-
ditions of the vehicle.
[0006] Incidentally, the turning movement of a vehicle

occurs due to the difference in drive force on the left and
right wheels and the like, however mainly occurs due to
lateral force on the tires. This lateral force on the tires is
generated by the driver operating the steering wheel and
causing the toe angle (steering angle) of the front wheels
to change by way of a steering gear, and causing a shift
(slip angle) to occur between the traveling direction of
the vehicle and the direction of the tires. This lateral force
on the tires, in addition to the toe angle, is known to be
affected by the change in the camber angle. FIG. 5 illus-
trates the relationship between the lateral force on the
tires and the slip angle when the camber angle, which
was found by the inventors through simulation, was used
as a parameter. As can be clearly seen in FIG. 5, even
when the slip angle is constant, it is possible to cause
the lateral force on the tires to change by causing the
camber angle to change. Therefore, by being able to ad-
just the size of the lateral force on the tires by changing
the camber angle, it is possible to improve the turning
performance of the vehicle, as well as further improve
the performance when going straight.
[0007] JP 10-264636 (A) discloses a double wishbone
suspension for a vehicle that is capable of changing the
camber angle according to the traveling condition of the
vehicle. FIG. 6 illustrates a second example of conven-
tional construction as disclosed in this patent literature.
In the case of this second example of conventional con-
struction, hydraulic cylinders 9 and 10, which are capable
of expanding and contracting, are provided in the middle
section of the upper arm 4a and lower arm 5a and make
it possible for the entire length of upper arm 4a and the
lower arm 5a to change. A sensor (not illustrated in the
figure) detects the angle of sideslip of the wheel 1, and
when it is recognized that the camber angle must be
changed, a specified amount of hydraulic oil is supplied
to the hydraulic cylinders 9 and 10 from a hydraulic pump
that is located in the engine room by way of hydraulic
piping and various valves. As a result, the entire lengths
of the upper arm 4a and the lower arm 5a are changed
and the camber angle of the wheel 1 is changed. With
the suspension of this second example of convention
construction, it is possible to adjust the size of the lateral
force on the tires, and improve the turning performance
of the vehicle, as well as the performance for traveling
straight.
[0008] However, in the case of this second example of
conventional construction, in order to make it possible to
change the camber angle, it is necessary to provide a
hydraulic pump, hydraulic piping and various valves, and
it is also necessary to provide hydraulic cylinders 9, 10
in the upper arm 4a and lower arm 5a. Therefore, not
only is there a problem in that the construction for making
it possible to change the camber angle is complex, but
there is also a problem in that the size and weight of the
suspension are increased. Particularly, the increase in
the weight of the upper arm 4a and the lower arm 5a is
connected to an increase in the unsprung weight, which
is undesirable from the aspect of improve traveling per-
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formance of the vehicle centered on comfort and traveling
stability. Moreover, control of the camber angle is per-
formed hydraulically, so there is a problem in that the
controllability and response is bad, and furthermore there
is a problem in that power loss of the engine becomes
large.
[0009] JP 2009-107533 (A) and JP 2010-83212 (A)
disclose camber angle adjustment apparatuses for
changing the size of the camber angle according to the
traveling conditions of the vehicle. However, even in the
case of the apparatuses disclosed in these patent liter-
atures, as in the case of the apparatus disclosed in JP
10-263636 (A), there is a problem in that the construction
for making it possible to change the camber angle is com-
plex, and invites an increase in size and weight of the
suspension. As related technology to the present inven-
tion, there is a load measurement apparatus for measure
a load applied to a bearing unit that is disclosed in JP
2005-98771 (A).

[Related Literature]

[Patent Literature]

[0010]

[Patent Literature 1] JP 10-264636 (A)
[Patent Literature 2] JP 2009-107533 (A)
[Patent Literature 3] JP 2010-83212 (A)
[Patent Literature 4] JP 2005-98771 (A)

[Non-Patent Literature]

[0011] [Non-Patent Literature 1]
"Illustrated Book of Car Mechanisms and Structures",
Hosokawa, Takeshi; Grand Prix Book Publishing Co.,
Ltd.; January 10, 2003; pg. 207

SUMMARY OF THE INVENTION

[Problem to be Solved by the Invention]

[0012] In consideration of the situation described
above, the object of the present invention is to achieve
simple construction of suspension for a vehicle that is
capable of suitably changing the camber angle according
to the traveling condition of the vehicle without inviting
complexity of the apparatus and also the increase in size
and weight that accompanies such a complex apparatus.

[Means for Solving the Problems]

[0013] The suspension for a vehicle of the present in-
vention, basically is the same as a double wishbone sus-
pension for a vehicle having conventional construction,
and comprises: an upper arm that has a tip end section
that is connected by way of an upper joint to the upper
portion of a knuckle by which a wheel is supported so as

to be able to rotate, and a base end section that is sup-
ported by the vehicle so as to be able to pivot in the up-
down direction; and a lower arm that has a tip end section
that is connected by way of a lower joint to the lower
portion of the knuckle, and a base end section that is
supported by the vehicle so as to be able to pivot in the
up-down direction.
[0014] The suspension for a vehicle of the present in-
vention is characterized by the construction of the upper
arm. In other words, the upper arm of the suspension for
a vehicle of the present invention comprises:

a casing that is supported by the vehicle so as to be
able to pivot in the up-down direction;
a pair of screw shafts that are located on the same
axis in the forward-backward direction of the vehicle,
and are supported by the casing so as to be able to
move only in the axial direction;
a pair of screw nuts that engage around the pair of
screw shafts, and are supported by the casing so as
only to be able to rotate;
a worm wheel that is combined with the pair of screw
nuts so as to be able to rotate in synchronization with
the screw nuts;
a worm that comprises worm teeth that engage with
the worm wheel;
an electric motor that is supported by the casing, and
is able to rotate and drive the worm in both directions;
and
a pair of link arms that have a tip end section and a
base end section, where the base end sections re-
spectively connect to the tip end sections of the pair
of screw shafts so as to be able to rotate around a
shaft in the up-down direction of the vehicle, and the
tip end sections respectively connect to the upper
joints so as to be able to rotate around a shaft in the
up-down direction of the vehicle.

[0015] Moreover, the suspension for an automobile of
the present invention is characterized in that by the elec-
tric motor rotating and driving the worm so as to cause
the pair of screw shafts to move out in opposite directions
from each other in the axial direction, the opening angle
of the pair of link arms changes, and thus the length of
the pair of link arms in the width direction of the vehicle
changes, or in other words, the overall length of the upper
arm in the width direction of the vehicle changes.
[0016] By respectively combining the pair of screw
shafts and the pair of screw nuts, a feed screw mecha-
nism is formed. A sliding screw type feed screw mecha-
nism can be applied as this feed screw mechanism,
wherein the pair of screw shafts and the pair of screw
nuts are respectively combined, and a female screw
thread that is formed around the inner circumferential
surface of each of the screw nuts engage with a male
screw thread that is formed around the outer circumfer-
ential surface of each of the screw shafts such that they
can slide against one another.
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[0017] Alternatively, a ball screw type feed screw
mechanism can be applied as this feed screw mecha-
nism, wherein the pair of screw shafts and the pair of
screw nuts are respectively combined, and an outer-di-
ameter side ball screw groove that is formed around the
inner circumferential surface of each of the screw nuts
engage with an inner-diameter side ball screw groove
that is formed around the outer circumferential surface
of each of the screw shafts by way of a plurality of balls
that are placed between them.
[0018] Moreover, preferably, a rotation stopping mech-
anism for preventing relative rotation of the screw shafts
with respect to the casing while allowing axial displace-
ment of the screw shafts is provided between the pair of
screw shafts and the casing.
[0019] Preferably, the worm wheel is made of synthetic
resin. Furthermore, preferably, a speed reducer that in-
creases the power of the electric motor and transmits
that power to the worm is provided between the worm
and the electric motor.

[Effect of the Invention]

[0020] With the present invention constructed as de-
scribed above, it is possible to achieve a suspension for
a vehicle with simple construction that is capable of suit-
ably changing the camber angle according to the
traveling conditions of the vehicle, and it is possible to
make the overall suspension more compact and light-
weight. In other words, in the case of the suspension for
a vehicle of the present invention, construction for making
it possible to change the overall length of the upper arm
(length of the link arms in the width direction of the vehi-
cle) is consolidated in the upper arm itself. Therefore, the
other members, such as the lower arm, can be the same
as used in the conventional construction. Moreover, there
is no need to install members such as a hydraulic pump
on the vehicle side (for example, the engine room) as
was required in the second example of conventional con-
struction. Furthermore, the upper arm is such that by us-
ing simple construction of just combining a pair of feed
screw mechanisms, a worm reduction gear and a link
mechanism, it becomes possible to change the overall
length of the upper arm.
[0021] Therefore, with the suspension for a vehicle of
the present invention, not only is it possible to improve
the turning performance and the performance with
traveling straight of the vehicle, but it is also possible to
sufficiently suppress an increase in the unsprung weight,
and to improve the traveling performance of the vehicle
centered on traveling comfort and traveling stability. Fur-
thermore, control of the camber angle (control of the over-
all length of the upper arm) is performed controlling the
supply of electricity to an electric motor, so when com-
pared to being controlled hydraulically, there is excellent
controllability and response, and there is little power loss
of the engine. In addition, electric power (energy) is con-
sumed only when the motor is being driven, so it is also

possible to save energy. It is also possible to independ-
ently control the camber angle of the left and right wheels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a front view that schematically illustrates
the suspended state of a wheel by a vehicle in the
case of a first example of suspension for a vehicle
of an embodiment of the present invention.
FIGS. 2A and 2B are top views of an upper arm that
has been removed from the suspension for a vehicle
that is illustrated in FIG. 1 as seen from above the
vehicle, where FIG. 2A illustrates the maximum over-
all length, and FIG. 2B illustrates the minimum over-
all length.
FIG. 3 is a drawing illustrated a worm reduction gear
that has been removed from the suspension for a
vehicle that is illustrated in FIG. 1.
FIG. 4 is a perspective view that schematically illus-
trates a first example of conventional construction of
a suspension for a vehicle.
FIG. 5 is a graph that illustrates the relationship be-
tween the lateral force on the tires and the slip angle
when the camber angle, which was found through
simulation, was used as a parameter.
FIG. 6 is a front view that schematically illustrates a
second example of conventional construction of a
suspension for a vehicle.

MODES FOR CARRYING OUT THE INVENTION

[Example 1]

[0023] FIG. 1 to FIG. 3 illustrate an example of an em-
bodiment of the present invention. A feature of this ex-
ample is making it possible to suitably change the camber
angle γ according to the traveling conditions of a vehicle
by consolidating construction for making it possible to
change the overall length of the upper arm 4b in the upper
arm 4b itself of a double wishbone suspension of a ve-
hicle. The lower arm 5 and other members are the same
as in the first example of conventional construction illus-
trated in FIG. 4. Therefore, the explanation below will
center on the construction of the upper arm 4b, which is
the feature of this example.
[0024] As illustrated in FIG. 1, even in the case of the
suspension for a vehicle of this example, the knuckle 3,
which supports the wheel 1 by way of a bearing unit 2 so
as to be able to rotate, is supported by the vehicle 11
(see FIG. 2) by way of the upper arm 4b and lower arm
5 so as to be able to pivot. In order for this, the tip end
section (right end section in FIG. 1 and FIG. 2) of the
upper arm 4b is connected to the top end section of the
knuckle 3 by way of an upper ball joint 6, which is an
upper joint, and the base end section (left end section in
FIG. 1 and FIG. 2) of the upper arm 4b is supported by
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the vehicle 11 so as to be able to pivot. Moreover, the tip
end section of the lower arm 5 is connected to the bottom
end section of the knuckle 3 by way of a lower ball joint
7, which is a lower joint, and the base end section of the
lower arm 5 is supported by the vehicle 11 so as to be
able to pivot. Here, normally ball joints are used for these
joints, however as long as pivotal displacement in each
direction of the tip end sections of the upper arm 4b and
lower arm 5 is allowed, it is possible to use other con-
struction, including a Cardan joint.
[0025] Particularly in the case of this example, in order
to make it possible to change the overall length of the
upper arm 4b, this upper arm 4b is constructed by a cas-
ing 12, a pair of feed screw mechanism 13a, 13b, a worm
reduction gear 14, and a link mechanism 15. The casing
12 is supported by a pair of installation sections 16 that
are provided on the vehicle 11 and separated in the for-
ward-backward direction using bolts 17 and nuts 18 and
by way of a rubber bushing so as to be able to pivot in
the up-down direction of the vehicle 11, with the base
end half (inner half in the width direction, left half section
in FIG. 2) located in a portion between the installation
sections 16. In this example, the center axis of both bolts
17 coincides with the center of pivoting of the upper arm
4b. Moreover, the feed screw mechanisms 13a, 13b are
located in the forward-backward direction of the vehicle
11 on the inside of the tip end half of the casing 12 (outer
half in the width direction, right half in FIG. 2), and the
worm reduction gear 14 is provided in the center section
in the forward-backward direction of the base end half of
the casing 12.
[0026] Each feed screw mechanism 13a (13b) is a slid-
ing screw type feed screw mechanism that is constructed
by a combination of a screw shaft 20a (20b) and a screw
nut 21a (21b). The screw shafts 20a, 20b are made of
stainless steel for example, and are located on the same
axis in the forward-backward direction of the vehicle 11.
Helical shaped male screw threads are formed on the
outer circumferential surface of the screw shafts 20a,
20b, and the pitch is the same between these screw
shafts 20a, 20b. Furthermore, a rotation stopping convex
section (not illustrated in the figures) is formed on at least
part of the outer circumferential surface of each screw
shaft 20a, 20b, and this rotation stopping convex section
engages with a rotation stopping concave groove (not
illustrated in the figures) that is formed on the casing 12.
The screw shafts 20a, 20b are supported by the casing
12 wherein, with this rotation stopping mechanism, dis-
placement in the axial direction with respect to the casing
12 is allowed, however, relative rotation is prevented. In
this example, by using sliding screw type screw feed
mechanisms, it is possible to reduce the number of parts
and make the suspension more lightweight. However,
alternatively, by using ball screw type feed screw mech-
anisms, it is possible to reduce the torque required for
rotating and driving the screw shafts 20a, 20b, and by
doing so making the suspension more compact and light-
weight by using a smaller electric motor. Furthermore, in

this case, it is possible to improve the precision of posi-
tioning the screw shafts 20a, 20b, and thus it is also pos-
sible to control the camber angle more accurately.
[0027] Both of the screw nuts 21a, 21b are made of a
synthetic resin such as polyphenylene sulfide, polya-
mide-66, polyether ether ketone (PEEK), polyacetal or
the like, and helical female screw threads are formed on
the inner circumferential surfaces thereof. In this exam-
ple, these screw nuts 21a, 21b are formed at the same
time by injection molding such that the base end sections
are integrated with each other. The female screw threads
that are formed on the inner circumferential surfaces of
these screw nuts 21a, 21b such that they are in the op-
posite direction from each other. The screw nuts 21a,
21b having this kind of construction are supported on the
inside of the casing 12 so as to only be able to rotate,
and the female threads that are formed on the inner cir-
cumferential surfaces thereof engage with the male
threads that are formed in opposite directions from each
other on the outer circumferential surface of the screw
shafts 20a, 20b such that sliding movement is possible.
[0028] The worm reduction gear 14, as illustrated in
FIG. 3, is constructed by a worm wheel 22, a worm 23,
an electric motor 24 and a speed reducer 25. The worm
wheel 22 is made of a synthetic resin such as polyphe-
nylene sulfide, polyamide-66, MC nylon (registered
trademark), which is a kind of polyamide resin, polyether
ether ketone (PEEK), polyacetal or the like, and is placed
so as to be concentric with the screw nuts 21a, 21b. Glass
fibers or carbon fibers are added to the synthetic resin,
making it possible to improve the strength and rigidity of
the worm wheel 22. In this example, by processing and
forming the worm wheel 22 at the same time as the screw
nuts 21a, 21b by injection molding, the worm wheel 22
is directly formed around the outer circumferential sur-
face of the center section in the axial direction of the
screw nut 21a, 21b (portion that corresponds to the con-
necting section that connects the base end sections of
the screw nuts 21a, 21b). Therefore, the worm wheel 22
rotates together with the screw nuts 21a, 21b. By making
the worm wheel 22 using synthetic resin in this way, it is
possible to reduce the weight of the suspension, howev-
er, alternatively, it is also possible to form the worm wheel
22 separately, and connect and fasten the worm wheel
22 directly to the screw nuts 21a, 21b, or indirectly by
way of another member. In this case, the freedom of se-
lecting the material for the worm wheel 22 is improved.
[0029] The worm 23 is made of metal or synthetic resin,
and is constructed by a worm shaft 26 that is located in
a twisted position with respect to the screw shafts 20a,
20b, and worm teeth 27 that are formed on the outer
circumferential surface of the middle section of the worm
shaft 26. The worm teeth 27 of the worm 23 engage with
the worm wheel 22. In this example, by regulating the
twist angle of the worm teeth 27 (set to be large), rotation
of the worm wheel is not transmitted to the worm 23. As
a result, the overall length of the upper arm 4b does not
change when force is applied from the wheel to a pair of
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link arms 29a, 29b of the link mechanism 15. Alternative-
ly, by providing the electric motor itself with a brake func-
tion, it is possible to obtain the same effect.
[0030] The electric motor 24 is supported by and fas-
tened to the casing by a plurality of screws 28 (three
screws in the example in the figures). By switching the
power supply state, the electric motor 24 drives the drive
shaft (not illustrated in the figure) in the forward or reverse
direction. Moreover, the speed reducer 25 is constructed
by a plurality of gears (not illustrated in the figure) that
increase the power (torque) of the electric motor 24, and
this speed reducer 25 transmits that power to the worm
shaft 26 of the worm 23. In this example, by providing a
speed reducer 25, it is possible to use an electric motor
24 that is more compact, and thus it is also possible to
make the overall suspension for a vehicle compact and
lightweight.
[0031] The link mechanism 15 is constructed by a pair
of link arms 29a, 29b and a connecting member 30. The
pair of link arms 29a, 29b are casted parts made using
an iron-based alloy, aluminum alloy, magnesium alloy or
the like, and are formed into rod shapes that are slightly
bent into arc shapes. The connecting member 30 is com-
posed of a socket of the upper joint 6, and a cover 31
that covers the upper portion of the ball housing section
is provided in the center section thereof. In this example,
the base end sections of the link arms are connected to
the tip end sections of the screw shafts 20a, 20b using
a joint member 32a so as to be able to rotate around a
shaft in the up-down direction of the vehicle (front-back
direction in FIG. 2A, 2B), and the tip end sections of the
link arms 29a, 29b are connected to the corner sections
of the connecting member 30 using a joint member 32b
so as to be able to rotate around the shaft in the up-down
direction of the vehicle 11.
[0032] In this example, an encoder and load sensor
(not illustrated in the figures) that are placed inside a
bearing unit 2 that is conventionally known such as that
disclosed in JP 2005-98771 (A) are used to measure the
lateral force on the tire (axial load) that is applied to the
wheel 1. The data of the measured lateral force on the
tire is sent to a controller (not illustrated in the figures),
and by this controller using a comparison and judgment
method, the controller determines whether the lateral
force on the tire is excessive or insufficient for the current
traveling condition of the vehicle. Then, based on that
result, it performs control to supply electric power to the
electric motor 24 (direction and amount).
[0033] More specifically, the electric motor 24 rotates
and drives the worm 23 a specified number of revolutions
(rotation angle) in the forward direction or reverse direc-
tion. As a result, the screw nuts 21a, 21b are rotated by
way of the worm wheel 22, and the screw shafts 20a,
20b move apart a specified amount in different directions
from each other in the axial direction (forward-backward
direction of the vehicle, front-back direction in FIG. 1, up-
down direction in FIG. 2). Then the opening angle of the
link arms 29a, 29b is changed, which changes the length

L of the link arms 29a, 29b in the width direction of the
vehicle (left-right direction in FIG. 1 and FIG. 2) by a spec-
ified amount (changes the overall length of the upper arm
4b). More specifically, when the electric motor 24 is driven
so that the amount that the screw shafts 20a, 20b pro-
trude from the casing 12 is small as illustrated in FIG.
2A, the opening angle of the link arms 29a, 29b becomes
small. By doing so, the length of the link arms 29a, 29b
in the width direction of the vehicle 11 becomes large (L
= Lmax), and the overall length of the upper arm 4b be-
comes long. As a result, the distance from the center of
pivoting O of the upper arm 4b to the center P of the
upper ball joint 6 becomes large, and the camber angle
γ changes. In other words, in the case of a positive cam-
ber, the camber angle becomes even larger, and in the
case of a negative camber, the camber angle becomes
smaller. On the other hand, when the electric motor 24
is driven so that the amount that the screw shafts 20a,
20b protrude from the casing 12 becomes large as illus-
trated in FIG. 2B, the opening angle of the link arms 28a,
28b becomes large. By doing so, the length of the link
arms 29a, 29b in the width direction of the vehicle 11
becomes small (L = Lmin), and the overall length of the
upper arm 4b becomes short. As a result, the distance
from the center of pivoting O of the upper arm 4b to the
center P of the upper ball joint 6 becomes small, and the
camber angle γ changes. In other words, in the case of
a positive camber, the camber angle becomes smaller,
and in the case of a negative camber, the camber angle
becomes even larger.
[0034] The suspension for a vehicle of this example,
by operating in this way, makes it possible to suitably
change the camber angle γ according to the traveling
conditions of the vehicle, and thus it is possible to adjust
the size of the lateral force on the tire that occurs. In order
to make the explanation more clear, FIG. 2B exaggerat-
edly illustrates the amount that the screw shafts 20a, 20b
protrude more than in the actual case. In the actual case,
it is not necessary for the protruding amount to be as
much as illustrated in FIG. 2B. Moreover, the movable
portion of each screw shaft is covered by a cover or bel-
lows (not illustrated in the figures) in order to prevent
foreign matter such as dirty water and the like from ad-
hering the screw shafts.
[0035] As described above, in the case of the suspen-
sion for a vehicle of this example, construction for making
it possible to change the overall length of the upper arm
4b is consolidated in the upper arm 4b itself, and does
not require the installation of a member such as a hy-
draulic pump or the like on the vehicle side. Furthermore,
the upper arm 4b is such that by using simple construction
of just combining a pair of feed screw mechanisms 13a,
13b, a worm reduction gear 14 and a link mechanism 15,
it becomes possible to change the overall length of the
upper arm 4b. In the present invention, with this kind of
construction, a suspension for a vehicle that is able to
suitably change the camber angle γ according to the
traveling conditions of the vehicle is achieved with simple

9 10 



EP 2 711 212 A1

7

5

10

15

20

25

30

35

40

45

50

55

construction, and it is possible to make that suspension
more compact and lightweight. With this kind of construc-
tion, not only is it possible to improve the turning perform-
ance and the performance with traveling straight of the
vehicle, but it is also possible to sufficiently suppress an
increase in the unsprung weight, and to improve the
traveling performance of the vehicle centered on
traveling comfort and traveling stability.
[0036] Moreover, in this example, control of the camber
angle γ (control of the overall length of the upper arm 4b)
is performed electrically, so when compared to being
controlled hydraulically, there is excellent controllability
and response, and there is little power loss of the engine.
Furthermore, electric power (energy) is consumed only
when being driven, so it is also possible to save energy.
[0037] In addition, the overall length of the upper arm
4b is made to be able to change and not the lower arm
5, so even when the vehicle is stopped, it is possible to
easily change the camber angle γ. Furthermore, by ap-
plying the suspension for a vehicle of the present inven-
tion to both the left and right wheels, it is possible to in-
dependently control the camber angle of the left and right
wheels.

[Explanation of the Reference Numbers]

[0038]

1 Wheel

2 Bearing unit

3 Knuckle

4, 4a, 4b Upper arm

5, 5a Lower arm

6 Upper ball joint

7 Lower ball joint

8 Shock absorber

9 Hydraulic cylinder

10 Hydraulic cylinder

11 Vehicle

12 Casing

13a, 13b Feed screw mechanism

14 Worm reduction gear

15 Link mechanism

16 Installation section

17 Bolt

18 Nut

19 Bushing

20a, 20b Screw shaft

21a, 21b Screw nut

22 Worm wheel

23 Worm

24 Electric motor

25 Speed reducer

26 Worm shaft

27 Worm teeth

28 Screw

29a, 29b Link arm

30 Connecting member

31 Housing section

32a, 32b Joint member

Claims

1. A suspension for a vehicle comprising:

an upper arm that has a tip end section that is
connected by way of an upper joint to the upper
portion of a knuckle by which a wheel is support-
ed so as to be able to rotate, and a base end
section that is supported by the vehicle so as to
be able to pivot in the up-down direction; and
a lower arm that has a tip end section that is
connected by way of a lower joint to the lower
portion of the knuckle, and a base end section
that is supported by the vehicle so as to be able
to pivot in the up-down direction; wherein
the upper arm comprises:

a casing that is supported by the vehicle so
as to be able to pivot in the up-down direc-
tion;
a pair of screw shafts that are located on
the same axis in the forward-backward di-
rection of the vehicle, and are supported by
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the casing so as to be able to move only in
the axial direction;
a pair of screw nuts that engage around the
pair of screw shafts, and are supported by
the casing so as only to be able to rotate;
a worm wheel that is combined with the pair
of screw nuts so as to be able to rotate in
synchronization with the screw nuts;
a worm that comprises worm teeth that en-
gage with the worm wheel;
an electric motor that is supported by the
casing, and is able to rotate and drive the
worm in both directions; and
a pair of link arms that have a tip end section
and a base end section, where the base end
sections respectively connect to the tip end
sections of the pair of screw shafts so as to
be able to rotate around a shaft in the up-
down direction of the vehicle, and the tip
end sections respectively connect to the up-
per joints so as to be able to rotate around
a shaft in the up-down direction of the vehi-
cle, and wherein
by the electric motor rotating and driving the
worm so as to cause the pair of screw shafts
to move out in opposite directions from each
other in the axial direction, the opening an-
gle of the pair of link arms changes, and
thus the length of the pair of link arms in the
width direction of the vehicle changes.

2. The suspension for a vehicle according to claim 1,
wherein the combination of the pair of screw shafts
and the pair of screw nuts is constructed by a sliding
screw type feed screw mechanism where a female
screw thread that is formed around the inner circum-
ferential surface each of the screw nuts engage with
a male screw thread that is formed around the outer
circumferential surface each of the screw shafts such
that they can slide against one another.

3. The suspension for a vehicle according to claim 1,
wherein the combination of the pair of screw shafts
and the pair of screw nuts is constructed by a ball
screw type feed screw mechanism where an outer-
diameter side ball screw groove that is formed
around the inner circumferential surface of each of
the screw nuts engage with an inner-diameter side
ball screw groove that is formed around the outer
circumferential surface of each of the screw shafts
by way of a plurality of balls that are placed between
the outer-diameter side ball screw groove and the
inner-diameter side ball screw groove.

4. The suspension for a vehicle according to any one
of the claims 1 to 3, wherein a rotation stopping
mechanism for preventing relative rotation of the
screw shafts with respect to the casing while allowing

axial displacement of the screw shafts is provided
between the pair of screw shafts and the casing.

5. The suspension for a vehicle according to any one
of the claims 1 to 4, wherein the worm wheel is made
of synthetic resin.

6. The suspension for an automobile according to any
one of the claims 1 to 5, wherein a speed reducer
that increases the power of the electric motor and
transmits that power to the worm is provided be-
tween the worm and the electric motor.
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